ABSTRACT Aim: To assess the four-year outcome in children with obesity randomised to one of two 12-month lifestyle treatment programmes in primary care.
INTRODUCTION
Adiposity in childhood is often a starting point for adult obesity, metabolic syndrome, cardiovascular disease (CVD) and other co-morbidity (1) . There has been a global increase in the prevalence of childhood obesity sincẽ 1970-1980 that has been driven mainly by environmental changes (2) . To tackle this 'obesity epidemic,' it is important to develop and implement healthy environmental and preventive interventions at the community level (3) . Treatment is important for children who are already obese (4) , and it seems best to start treatment at an early age since interventions in prepubertal children seem to be better and more effective than interventions in teenagers (5) . Because CVD risk factors cluster in children with overweight and obesity (6) , treating children with obesity appears important for their long-term health.
Multicomponent behavioural interventions aiming to change diet, physical activity and other lifestyle related behaviours in children with obesity and their families seem to be most effective (4) . Since spontaneous physical activity is higher in prepubertal children than adolescents (7) , physical activity might be especially attractive to take up in young children. One possibility to emphasise physical activity in lifestyle interventions is to involve a physiotherapist in the treatment. An increase in physical activity may have many positive effects: promote the children's selfefficacy (8) , improve cognitive functions (9) , give parents additional means for support (10) and act as role models (11) and foster cooperation and support within the family (12) . It has also been claimed that regular physical activity, that is, training daily or every second day, was the most important factor for long-term maintenance of weight loss in adults with obesity (13, 14) .
The short-term outcome of the present study has been presented earlier (15) . At baseline, pre-pubertal children with obesity (n = 64) at four paediatric primary care clinics in western Sweden were randomly allocated to a 12-months intervention either managed by a nurse, a dietician and a physiotherapist (four appointments each) or by a nurse and a dietician (six appointments each). Both treatment arms targeted behaviours related to diet and physical activity in the child and its family aiming to promote stepwise changes to a healthier lifestyle (15) . The roles of the nurse and dietician were described in a common protocol. Nonstigmatising communication motivational interviewing and elements of cognitive from behavioural treatment were used. On top of these common parts, the physiotherapist used incentives, pedometers and special fill-in forms to encourage changes behaviours related to physical activity, for example, to reach recommended 60 minutes per day of physical activity, to walk to school, to start common physical activities in the family, to reduce sedentary time. An age-, sex-and weight-matched non-intervention group of children with obesity (n = 138) was used for comparison, as was an age-and sex-matched non-intervention group of normal weight (NW) children (n = 34). The outcome was evaluated at the end of the intervention in 55 participants. Thirteen of them had changed from being obese to overweight and the mean standard deviation (SD) body mass standard deviation score (BMISDS) had diminished by À0.36 (SD 0.3) in the arm involving a physiotherapist, n = 28, and by À0.33 (SD 0.2) in the other arm. The difference and the 95% confidence interval between the two options was À0.031 (À0.186; 0.124), p = 070. Both changes were significantly greater than À0.14 (SD 0.3), the change seen in the nonintervention group of children with obesity; the adjusted mean difference for the nurse-dietician-physiotherapist versus the non-intervention group of children with obesity was À0.21 (À0.33; À0.09), p = 0.0006 and for the nursedietician versus the non-intervention group À0.19 (À0.30; À0.07), p = 0.002. These results suggest that the intervention as a whole was effective but that the two study arms appeared to be too similar to give an outcome difference.
In the present study on the outcome after four years, we hypothesise that the number of children classified as obese will be fewer and their adiposity measures more favourable in the treatment group where a physiotherapist was involved compared to the other group. Alternately, we hypothesise that children in the combined treatment groups will have a significant reduction in the number of children classified as obese and in their adiposity measures.
The aim of the study was to assess changes in weight categories, adiposity measures and biomarker levels from baseline and one year after baseline to the four-year followup of children with obesity or normal weight participating in the study, analysing the treatment options separately and in combination.
SUBJECTS AND METHODS
Design of the long-term follow-up study The follow-up study was carried out from March 2008 to February 2010, four years after March 2004 when the study started. At each of the four primary care study centres, paediatric nurses invited all adolescents included at baseline to attend a follow-up visit. Fifty-six of the totally 64 children enrolled for treatment of obesity participated in the follow-up.
The mean (SD) BMISDS at baseline was 3.17 (SD 0.48) in the 56 participants and 3.28 (SD 0.56) in the eight dropouts (NS); the one-year BMISDS was 2.89 (SD 0.50) among participants versus 2.79 (SD 0.50) as the last observation carried forward in drop-outs (NS). The 56 participants had been randomised at baseline to an intervention managed by a nurse, dietician and physiotherapist, the nurse-dieticianphysiotherapist managed treatment (NDPT) group (n = 27) or to one managed by a nurse and a dietician, the nursedietician managed treatment (NDT) group (n = 29). The mean age was 15.1 (SD 1.4) and 15.5 (SD 1.0) years and the mean follow-up time 4.5 (SD0.72) and 4.5 (SD 0.47) years in the NDPT and NDT groups, respectively.
All of the normal weight children, the NW group, included at baseline participated in the follow-up, (n = 34); their mean age was 15.1 (SD 1.3) and mean follow-up time 4.1 (SD 0.70) years.
Anthropometry and blood pressure measurements at the four-year follow-up Height was measured to the nearest 0.1 cm using a wall mounted stadiometer. Weight, registered to the nearest 0.1 kg, was measured using an electric scale with the children wearing light clothing. Body mass index (BMI) in kg/m² was calculated as weight (kg) divided by height (m) squared. Obesity, overweight and normal weight was defined by the International Obesity Task Force (IOTF) criteria available at baseline (16) . Children with a BMI value exceeding the age-and sex-specific IOTF cut-off values by five units were considered to have severe obesity. The BMISDS was calculated using a Swedish reference population from G€ oteborg, Sweden (17) . Waist circumference was measured using a non-distensible tape with the adolescent standing up. The tape was placed horizontally midway between the lowest rib and the upper part of the iliac crest. Resting systolic and diastolic blood pressure was measured manually by auscultation of the brachial artery in the right arm with the subject in sitting position and the blood pressure cuffs covering two-thirds of the arm circumference. The systolic pressure was taken at the first Korotkow sound, the diastolic at the fifth. The mean of two measurements within AE5 mmHg was registered; if there was disagreement between the two measurements, a third measure was performed and the mean of the last two measures was registered.
Biochemical data at the four-year follow-up Blood-samples were non-fasting. HbA1c and alanine amino transferase (ALAT) were analysed at accredited hospital laboratories close to the primary care clinics, using methods identical to those at baseline. All apolipoprotein analyses from frozen samples were analysed at an accredited laboratory at the University Hospital in G€ oteborg (accreditation no. 1240).
Questionnaire at the four-year follow-up
The questionnaire at the four-year follow-up had 12 Yes-or No-questions. Ten questions originated from a questionnaire in use at the regional school health care, featuring physical activity, body image, inactivity, teasing and pain. Two questions were selected from a validated self-rating questionnaire to assess stress in children (18) .
Statistics
Data are expressed as mean values (SD), and by 95% confidence intervals for continuous and numbers and percentages for categorical variables. For unadjusted comparisons between two groups, Fisher's Exact test was used for dichotomous and the Mann-Whitney U-test for continuous variables. For comparisons of within-group changes, the Sign test was used for ordered categorical and the Wilcoxon Signed-rank test for continuous variables. The analysis of changes from baseline or from one year after baseline to the four-year follow-up was performed using ANCOVA with adjustment of measurement values for the baseline/one-year value of the variable and for differences in time between visits (or ages) between the groups. The variables BMISDS, waist circumference and waist/height ratio were separated at baseline between children with obesity versus children with NW, so the adjusted analyses were performed with extrapolation of the linear regressions. Cohen's effect size (ES), d = mean difference/pooled SD was calculated pairwise between the groups in the tables. All significance tests were two-sided and were conducted at the 5% significance level. The SAS 9.3 program was used for statistical analysis.
A modified intention-to-treat protocol was used, that is, children were evaluated that had been included and randomised at baseline and had participated in the fouryear follow-up. The primary outcome was the change in the weight categories and in BMISDS. The secondary outcome variables were waist circumference, waist/height ratio, blood pressure, biomarkers and questionnaire. Analysis of outcomes was performed by comparing the changes in variables from baseline or the one-year check-ups to the four-year follow-up in the separate NDPT and NDT groups and in the combined groups; changes were also studied in terms of the evolution of study variables in the NW group.
Ethics approval This study was approved by the Ethics Committee of G€ oteborg University (registered as € O348-03 addendum T 276-09). Informed consent was obtained from the parents of all participants.
RESULTS

Primary outcome
Fifty-six of the 64 (87%) included adolescents in the joint NDPT and NDT treatment groups participated in the fouryear follow-up. In addition, all 34 subjects in the NW group took part. In the combined NDPT and NDT treatment groups the number of children in the different weight categories had changed from baseline to the followup: severe obesity from 4 to 3, obesity from 50 to 37, overweight from 2 to 14 and NW from 0 to 2 p = 0.015, see Figure 1 . In the NDPT group (n = 27) the number of children classified as severely obese were 1 at baseline and 0 at follow-up, those classified as obese had changed from 25 to 19, the overweight category from 1 to 7, and the NW group from 0 to 1, respectively (within-group change, p = 0.0078). Corresponding changes in the NDT group (n = 29) were: severe obesity from 3 to 3, obesity from 25 to 18, overweight from 1 to 7 and NW from 0 to 1, respectively (p = 0.092). No difference in change of weight categories was seen between the NDPT and NDT groups (p = 0.73).
The mean change in BMISDS from baseline to the fouryear follow-up was À0.37 (SD 0.73) in the two randomised groups combined. In the NDPT group the change was À0.50 (SD 0.73), 95% CI À0.78; À0.21, p = 0.002 withingroup, and À0.26, (SD 0.73), 95% CI À0.54; 0.02, p = 0.057, in the NDT group Table 1 . The changes between the groups did not differ, the adjusted mean difference and 95% CI was À0.22, À0.59; 0.16, p = 0.25.
In the NW group, 5 (15%) children had become overweight at the four-year follow-up, Figure 1 ; none had become underweight, the lowest BMISDS was À1.38. This trend towards higher weight classes was the opposite of the trend observed in children treated for obesity (p = 0.0003 for the NW versus the NDPT group and p = 0.004 for the NW versus the NDT group). The adjusted mean difference between the changes in BMISDS in the NDPT and NW groups was À0.57, 95% CI À0.95; À0.19, p = 0.004 for the 0 to four-year and À0.39, 95% CI À0.78; À0.03, p = 0.04 for the one to four-year time interval, the comparable differences in change between the NDT and NW groups were not significant, Table 1 .
Secondary outcomes
With the exception of the apolipoprotein A-1 levels, changes in secondary outcome variables did not differ between the treatment groups. During the one to four-year period, there was a significant mean increase of 0.12 (SD 0.19), 95% CI 0.03; 0.17 in the apolipoprotein A-1 level within the NDPT group (within-group p = 0.007) and a non-significant change À0.02 (SD 0.13), 95% CI À0.07; 0.07, in the NDT group (p = 0.41). The adjusted mean difference between the two groups was 0.10, 95% CI 0.001; 0.21, p = 0.048 , Table S1 .
The responses to the questionnaire did not differ between the NDPT and NDT groups, see Table S2 . The replies of the combined NDPT plus NDT groups differed in some aspects from the responses of the NW group in that a lower proportion felt they were physically active but performed more physical activity with their parents; fewer reported body satisfaction, and more reported being teased and harassed.
DISCUSSION
The most important finding was the overall long-term outcome in the combined NDPT and NDT treatment groups. The total number of children with obesity had diminished significantly from baseline and the outcome at the four-year follow-up was not inferior to the outcome directly after the end of the intervention. The result did not show a difference in outcome by treatment option but supports our alternate hypothesis regarding the favourable long-term outcome in the two treatment groups combined.. For the clinician, the overall outcome is important indicating that this kind of lifestyle treatment in primary care will give a sustainable reduction in the number of children with obesity and their adiposity measures.
Sustainability in the outcome of treatment in children with obesity is crucial both for the patient and healthcare system. The obesogenic environment (19) and genetic predisposition threaten any short-term weight reduction achieved by treatment. In a review where seven studies were assessed, the initial post-treatment outcome was found to persist after 12-24 months (20) . Four of 13 controlled behavioural treatment studies reported the outcomes one to four years after the end of treatment. In three of these, the intervention groups had beneficial changes in BMI or per cent overweight compared with controls (21) . One of the specialised centres represented in this review have published long-term outcome of the Figure 1 Number children changing weight-category from baseline (x-axis) to the four-year follow-up in the NDPT (n = 27) and NDT (n = 29) groups of children treated for obesity and in the group of normal weight children, the NW group (n = 34). NDT = Nurse-dietician managed treatment; NDPT = Nurse-dieticianphysiotherapist managed treatment; NW = Normal weight. Table 1 Anthropometric data at baseline and the changes from baseline or from the one-year check-up to the four-year follow-up in children with obesity treated by the nursedietician-physiotherapist, NDPT, or the nurse-dietician, NDT, protocols or in children with normal weight, NW 'Obeldicks study'. Sixty-six per cent of the initially included children were evaluated three years after the end of treatment. The prevalence of obesity or overweight had diminished significantly from start and the mean BMISDS had diminished by À0.48 (22) , findings comparable to those in NDPT group in our study. Notably, our study was performed at four primary paediatric care clinics (15) . The high inclusion rate of the eligible children at baseline (73%) and the high participation rate at follow-up (87%) are advantageous and may have to do with the primary care setting, allowing for easier access to the study centres by participants and offering the option to accomplish a follow-up in school health care. There is modest support for the efficacy of obesity treatment in paediatric primary care (23) . An improved weight status was found in an evaluation of the efficacy of the US paediatric obesity treatment recommendations for primary care, supporting the feasibility of involving primary care in the treatment of children with obesity (24) . The high prevalence of childhood obesity and its link to public health initiatives also argues for availability of treatment interventions in primary care (25) .
No differences were detected between the two treatment programmes in anthropometry measures, systolic and diastolic blood pressure nor HbA1c, Apolipoprotein B, the ratio apolipoprotein B/apolipoprotein A1 and ALAT and in the responses to the questionnaires. The reasons for this might be that the programmes were too similar, there was a 'contamination' in programme management by the personnel or the statistical power was insufficient. Even if the groups did not differ in outcome, there were significant within-group changes in the NDPT group, both with a reduction in the number of children classified as obese and in the decrease of BMISDS. We speculate, even if not shown, that these beneficial results within the NDPT, but not in the NDT group, were related to the involvement of a physiotherapist in the treatment. These observations argue for further evaluation of the possible advantage of involving a physiotherapist in lifestyle treatment of young children with obesity.
Apolipoproteins have been shown to relate to the longterm risks for CVD in adults (26) . In children, low levels of apolipoprotein A-1 or a high apolipoprotein B/A-1 ratio are strongly linked to a higher incidence of myocardial infarction in their parents, whereas no such relationship is seen for LDL cholesterol (27) . A study in seven to nine-year-old children with obesity showed a treatment-related improvement of the apolipoprotein profile (28) . In our study, there was a significant within-group increase in the apolipoprotein A-1 level during the one to four year interval in the NDTP group, dissimilar from changes in the NDT-group. These findings must be interpreted with great caution, but may also be interesting to study further, especially when considering the concomitant change of -0.50 in BMISDS in this group, a reduction suggested necessary for substantial metabolic improvements (29) .
The cross-sectional questionnaire at the four-year followup did not reveal any differences between the two treatment groups. That the children in the combined NDPT and NDT groups had exercise with their parents more often than controls could be a possible effect of the intervention. The lifestyle-related social and psychological problems noted to be more common in children treated for obesity compared to NW children were expected (30) .
The strengths of this study were the high rate of inclusion of eligible children at baseline, the 87% participation rate at follow-up, and inclusion of a group of NW subjects, describing the development of outcome variables in children in comparable age and settings to those treated. It is also positive that the interventions were integrated in general paediatric clinical practices, favouring a fairly simple adoption of them to similar settings.
One limitation in the study was that the two treatment options possibly were too similar in their curricula and in how they were carried out. In contrast to the analysis of the short-term outcome (15), a non-intervention control group of children with obesity was not available for the present follow-up, undermining our initial power calculation concerned with differences in outcome between each of the two treatment arms versus controls.
CONCLUSIONS
There was no difference in outcome after four years in children with obesity randomised to a treatment programme managed by a nurse and a dietician compared to one managed by a nurse, dietician and physiotherapist. The two combined groups showed a sustainable and significant reduction in the number of children with obesity and in BMISDS. Treatment of children with obesity in primary care appears feasible.
SUPPORTING INFORMATION
Additional supporting information may be found online in the Supporting Information section at the end of the article: Table S1 Bio-markers at baseline and the change from baseline or from the one-year check up to the four-year follow-up in children with obesity treated by the nursedietician-physiotherapist, NDPT, or the nurse-dietician, NDT, protocols and in children with normal weight, NW. Table S2 Questionnaire with Yes-or No-responses at the four-year follow-up in children with obesity treated by the nurse-dietician-physiotherapist, NDPT, or by the nursedietician, NDT, protocols and in children of normal weight, NW. Data are numbers of Yes/Total responses and (per cent of number responses).
